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Objective To survey the cardiovascular complications induced by cardiac monitoring exercise during 10 years of
our cardiac rehabilitation (CR) clinic and report on the safety of monitoring exercise training for early hospital-
based CR.

Method All cardiac patients who participated in our exercise program from January 2000 through December 2009
were recruited as study subjects. We stratified the exercise risks of cardiac events and conducted the monitoring
exercise with individualized prescriptions. We measured all cardiac complications, including death, symptoms,
abnormal hemodynamic responses, and electrocardiogram (ECG) abnormality during exercise training, for 10
years. A total of 975 patients (68% male; mean age, 58.9+10.6) were included in this study. Initial indications for CR
were recent percutaneous transluminal coronary angioplasty (PTCA) (75%), post-cardiac surgery (coronary bypass
graft, 13.2%), valvular surgery and other cardiac surgery (4.2%), and others (7.6%).

Results The study population underwent 13,934 patient-hours of monitoring exercise. No death, cardiac arrest
or acute myocardial infarction (AMI) occurred during exercise (0/13,934 exercise-hours). Fifty-nine patients
experienced 70 cardiovascular events during the 13,934 exercise-hours (1/199 exercise-hours); there were 17
cases of angina only (1/820 exercise-hours), 31 cases of ECG abnormalities only (1/449 exercise-hours), 12 cases
of angina with ECG abnormalities (1/1,161 exercise-hours), and 10 cases of abnormal hemodynamic responses
(1/1,393 exercise-hours).

Conclusion Early hospital-based CR is safe enough that no death, cardiac arrest or AMI occurred during the 13,934
patient-hours of monitoring exercise. However, risk stratification for exercise-induced cardiovascular events,
proper exercise prescriptions, and intensive ECG monitoring are required prior to initiation of the monitoring
exercise.
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Cardiac rehabilitation for acute myocardial infarction
patients is known not only to improve cardiopulmonary
functions during exercise and the quality of life and
psycho-social functions, but also allows for the more effi-
cient management of risk factors. It reduces the mortality
rate due to deaths from cardiovascular diseases and from
all causes in general. In addition, it lowers the recurrence
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rate of acute myocardial infarction and the revasculariza-
tion (by surgery or PTCA) rate.'* Also, according to previ-
ous studies, long-term cardiac rehabilitation either slows
down the advance of atherosclerosis or decreases the
severity of the disease.”®

Although many cardiac disease patients may have
benefited from the above-mentioned effects through
cardiac rehabilitation, the actual cases of request for
cardiac rehabilitation are not very common. According
to multi-institutional studies of 31 hospitals in the state
of Queensland in Australia for a year (between 1999 and
2000), the cases actually requiring cardiac rehabilitation
were 8,895 (59%) out of 15,186 patients who had been
diagnosed with cardiac disease and discharged from the
hospital, while requests for cardiac rehabilitation were
made for 4,346 patients (29%) among the 15,186." Fre-
quently, the cardiac disease patients who did not request
cardiac rehabilitation restricted their exercise due to
concerns about cardiovascular complications occurring
during exercise.

While the need and the effects of cardiac rehabilitation
are so well known as not to produce any disagreement, it
is true that not only the patients who request cardiac re-
habilitation but also the medical team who are involved
in the cardiac rehabilitation have concerns regarding car-
diovascular-related complications that may occur during
monitoring exercises. The present institution has re-
ported on cardiovascular-related complications that oc-
curred during monitoring exercises for a year beginning
in January 1999.° The present researchers investigated the
cardiovascular-related complications that occurred dur-
ing monitoring exercises for a 10-year period to assess
the safety of early hospital-based monitoring exercises.

MATERIALS AND METHODS

Study subjects

All cardiac disease patients who participated in the
monitoring exercises at the cardiac rehabilitation clinic
from January 2000 to December 2009 were included
in the study. Out of a total of 975 patients, 663 patients
(67.5%) were male, with a mean age of 58.9+10.6 years.
Among them, 731 patients (75.0%) had received a percu-
taneous transluminal coronary angioplasty (PTCA), while
57 patients (5.8%) had received conservative therapy
including medication after a coronary angiography, 129
patients (13.2%) had undergone coronary artery bypass

graft (CABG) and 41 patients (4.2%) had had other car-
diac operations such as valvular surgery. Eight patients
(0.8%) out of the other 17 were under medical treatment
for cardiomyopathy, 6 patients (0.6%) for peripheral ar-
tery disease, and 3 patients (0.3%) for arrhythmia (Table
1). Intercurrent patients with stroke, cancer or neuro-
muscular skeletal system diseases for whom faithful im-
plementation of cardiac rehabilitation would be difficult
were excluded from the study.

Study method

Through a prior graded exercise test, the risk stratifica-
tion of cardiac attack was investigated, and follow-up
measures were examined retrospectively through clini-
cal records for patients in whom cardiovascular-related
complications, abnormal hemodynamic responses and
symptoms, electrocardiogram abnormalities or any other
cardiovascular-related abnormalities had occurred.

Table 1. Demographic Data of Subjects Patients

Number of subjects 975
Gender (male/female) 663 : 312
Age (years) 58.9+10.6

Reason for referral

PTCA after AMI 731 (75.0%)
CABG 129 (13.2%)
AMI 57 (5.8%)
Artificial valve implantation 36 (3.7%)
Other cardiac surgery 5 (0.5%)
Others* 17 (1.7%)
Patients with history of
Diabetes 578 (59.3%)
Hypertension 239 (24.5%)

354 (36.3%)
36 (3.7%)

Previous smoker
Current smoker
Drug therapy
581 (59.6%)
214 (21.9%)
772 (79.2%)
Values are meantstandard deviation or the number of
cases
PTCA: Percutaneous transluminal coronary angioplasty,
AMI: Acute myocardial infarction, CABG: Coronary ar-
tery bypass graft
*Diverse medical conditions: cardiomyopathy, periph-
eral arterial occlusive disease, pacemaker or defibrillator
implantation, arrhythmia

Beta-blocking agents
Calcium antagonists
Lipid lowering agents
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Cardiac rehabilitation program

Risk assessments of cardiac attack resulting from ex-
ercise were performed on the patients participating in
cardiac rehabilitation by a prior graded exercise test.
The monitoring exercises in the hospital were done un-
der ECG monitoring and were carried out according to
exercise prescriptions that included strict management
instructions on risk factors for the initial 6 to 8 weeks.
Before starting the monitoring exercises, all patients re-
ceived a symptom-limited graded exercise test using the
modified Bruce protocol. For the graded exercise test-
ing, 12-channel real-time ECG tester for exercise load
testing Q4500 (Quinton Instrument Co., Boston, USA),
automatic blood pressure and pulse measuring instru-
ment Model 412 (Quinton Instrument Co., Boston, USA),
and treadmill for graded exercise testing Medtrack ST 55
(Quinton Instrument Co., Boston, USA) were employed.
Exercise prescriptions were issued based on the results of
the initial graded exercise test. The exercise time for each
session consisted of 10 minutes for the preparatory ex-
ercise, 30 minutes for the main exercise, and 10 minutes
for the cooling down exercise for a total of 50 minutes.
The exercise intensity in terms of the target heart rate
increased stepwise from 40% to 85% of the heart rate re-
serve values as calculated from the graded exercise test
results. The rate of perceived exertion (RPE) during the
monitoring exercises was maintained at 13-14 (a little
difficult). Throughout the monitoring exercise, real-time
ECG, heart rate, and blood pressure were monitored, the
patient’s perceived symptoms frequently checked, and
the indices recorded.

Table 2. Cardiovascular Events during Monitoring Exer-
cise

Sessions of exercise
17 (1/820 exercise hours)

Angina without ECG abnor-
mality

ECG abnormalities without
symptom

Angina with ECG abnormali- 12 (1/1,161 exercise hours)
ties

31 (1/449 exercise hours)

Abnormal hemodynamic 10 (1/1,393 exercise hours)

responses

ECG: Electrocardiogram
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RESULTS

Cardiovascular-related complications during monitor-
ing exercise

Not a single incident of fatal cardiovascular-related
complication such as death, cardiac arrest, or acute
myocardial infarction occurred during the monitoring
exercises (0/13,934 exercise hours). However, there were
70 cases of cardiovascular-related abnormal events in 59
patients (1/199 exercise hours), of which 17 cases (1/820
exercise hours) were angina pectoris only without ECG
abnormality. There were 31 cases of ECG abnormality
without a symptom (1/449 exercise hours), 12 cases of
both angina pectoris and ECG abnormality (1/1,161 ex-
ercise hours), and 10 cases of abnormal hemodynamic
response (1/1,393 exercise hours) (Table 2).

Characteristics and risk classification of cardiac attacks
for patients with cardiovascular-related abnormalities
Among 59 patients for whom cardiovascular-related
abnormalities were observed during exercise, 41 patients
(69. 5%) were male with a mean age of 56.5+12.4 years.
Prior to initiation of the cardiac rehabilitation, 53 patients
(89.8%) had received a PTCA, with an average remain-
ing stenosis rate of 23.5+8.4%, and an average ejection
fraction of the left ventricle of 46.3+21.2%; 34 patients
(57.6%) had lesions of the left anterior descending artery,
and 6 patients (10.2%) had CABG (Table 3). Classification

Table 3. Demographic Data of Patients who Developed
Cardiovascular Events during Monitoring Exercise

Number of subjects 59
Gender (male/female) 41:18
Age (years) 56.5+12.4
Reason for referral
PTCA after AMI 53 (89.8%)
CABG 6 (10.2%)
Cardiac indices in patients after PTCA
Remaining stenosis 23.5+8.4%
LVEF 46.3+21.2%
LAD lesion 34 (57.6%)

Values are meantstandard deviation or the number of
cases

PTCA: Percutaneous transluminal coronary angioplasty,
CABG: Coronary artery bypass graft, LVEF: Ejection frac-
tion of left ventricle, LAD: Left anterior descending artery



Safety of Monitoring Exercise for Early Hospital-based Cardiac Rehabilitation

of these 59 patients according to exercise risk stratifica-
tion”'* showed 45 patients (76.3%) belonged to the high
risk group, 8 patients (13.5%) to the middle risk group,
and 6 patients (10.2%) to the low risk group (Table 4).

Follow-up measures for patients with cardiovascular-
related abnormalities

Out of the 59 patients who had problems during moni-
toring exercise, 36 had their problems resolved through
confirmation angiography and adjustment of cardiovas-
cular-related medications. On angiography, 20 patients
showed restenosis and received PTCA for reperfusion.
One patient who exhibited atrial fibrillation and ventric-
ular tachycardia received internal defibrillator insertion,
and another patient showing bradycardia and syncope
underwent coronary artery bypass graft. The patient with
ventricular tachycardia was prescribed Verapamil injec-
tion intravenously and a dosage of a calcium channel
blocker (Table 5). All 59 patients were able to participate
in the monitoring exercises again, and have been receiv-
ing regular follow-up while continuously participating in
cardiac rehabilitation programs of their local communi-
ties.

DISCUSSION

Cardiac rehabilitation programs are gradually increas-
ing in importance as interest in cardiovascular-related
diseases rises.'" Although 3 private university hospitals
in a metropolitan area and one hospital specializing in
cardiac diseases were the only medical institutions do-
mestically operating cardiac rehabilitation programs be-
fore 2007, 5 private university hospitals in a metropolitan
area, one hospital specializing in cardiac disease, and 9
local university hospitals now operate cardiac rehabilita-

Table 4. Exercise Risk Stratifications* in Patient who De-
veloped Cardiovascular Events during Monitoring Exer-
cise

Risk Sessions of exercise (%)
High 52 (75.5)
Intermediate 10 (14.3)
Low 7(10.2)

*Exercise Risk Stratification according to the guidelines
of AACVPR (American Association of Cardiovascular &
Pulmonary Rehabilitation), ACC (American College of
Cardiology), and AHA (American Heart Association)

tion programs. Under a project by the Ministry of Health
and Welfare regional cardiocerebrovascular centers were
created and the cardiac rehabilitation programs were im-
plemented in these institutions. Consequently, interest
in cardiovascular-related complications occurring dur-
ing monitoring exercises and the safety of early hospital-
based monitoring exercises for cardiac rehabilitation has
increased.

The monitoring exercises, that last for 6-8 weeks, are
aerobic exercises of the entire body using a treadmill and
a bicycle ergometer. Risk stratifications were for Cardiac
disease patients were stratified according to risk, and
exercise intensities were set at 40-85% of the calculated
heart rate reserve values based on the patient’s heart
rates recorded from the graded exercise tests. Here, mon-
itoring exercises were absolutely required for the patients
in the high risk group, and also for the patients in whom
the conditions of the blood vessels that did not receive an
intervention were not favorable.

As for complications that may be encountered during
monitoring exercises, cardiac arrest, acute myocardial in-
farction, angina pectoris, arrhythmia, ECG abnormality,
hemodynamic abnormal response are among the com-
plications that may occur, and of these the complications
that led to death the most commonly were cardiac arrest
and myocardial infarction. According to a 1977 report by
30 cardiac rehabilitation institutions in the North Ameri-
ca region from 1960 through 1977, there was one cardiac
arrest per 32,593 hours, one death per 166,402 hours, and
one myocardial infarction per 232,805 hours."

A report in 1986 indicated that one major cardiovascu-
lar-related complication occurred per 81,101 hours, and

Table 5. Management after Cardiovascular Events

Events Management Nu(l‘;:l))er
Angina or ST depression =~ CAG+medication 36 (61.0)
Angina or ST depression CAG+PTCA 20 (33.9)
AF with VT ICD insertion 1(1.7)
Syncope with bradycardia CABG 1(1.7)
VT Verapamil IV+CCB 1 (1.7)

CAG: Coronary angiography, Medication: Managed by
only adjustment of medication, PTCA: Percutaneous
transluminal coronary angioplasty, AF: Atrial fibrillation,
VT: Ventricular tachycardia, ICD: Implantable cardio-
verter-defibrillator, CABG: Coronary artery bypass graft,
IV: Intravenously, CCB: Calcium channel blocker
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one fatal case per 783,972 hours." According to studies
on the safety of cardiac rehabilitation, the frequency of
cardiovascular-related complications is low: from once
every 26,715 hours to once every 81,101 hours, depend-
ing on the investigator. In the case of fatal complications,
the frequency has been reported to be very low, from
once per 116,402 hours to zero."”*"”

According to an observational study with 25,420 pa-
tients in 65 multiple institutions who were studied for
a year, cardiovascular-related complications have been
reported to be once per 8,484 times of graded exercise
tests, and once per 49,565 exercise hours.' The present
authors have reported that cardiovascular-related abnor-
mal responses occurred in 34 cases (1.4%) during 2,429
exercise hours in the first year of the study, from January,
1999, when the cardiac rehabilitation clinic opened in
the present medical institution, and that no fatal com-
plications such as death, cardiac arrest or acute myocar-
dial infarction occurred.® While there were 70 cases of
cardiovascular-related abnormal responses in 59 patients
(1/199 exercise hours) in this study, no fatality or severe
cardiovascular-related complication such as cardiac ar-
rest or myocardial infarction occurred during the total
exercise time of 11,612 hours (0/11,612 exercise hours).

As for why monitoring exercise for cardiac disease pa-
tients appears to be safe, we consider it to be due to the
fact that the monitoring exercise was conducted only af-
ter the patient had been classified according to their ex-
ercise risk, the development of excellent pharmaceuticals
and the appearance of a dazzling array of new method-
ologies and technologies for the diagnosis and treatment
of cardiovascular-related diseases over the last few de-
cades. Particularly, scrupulous monitoring of heart rate,
blood pressure, perceived symptoms, etc. with wireless
ECG that is conducted in real time during monitoring
exercises is considered as playing a decisive role in the
prevention of cardiovascular-related complications dur-
ing the exercises. Longer-term results obtained through
continued data collection from multiple institutions in
the future are deemed necessary.

CONCLUSION

While early hospital-based monitoring exercises for
cardiac rehabilitation may be safely implemented, that
is, without the occurrence of fatal complications such as
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death, cardiac arrest or acute myocardial infarction, prior
graded exercise tests and appropriate exercise prescrip-
tion together with concentrated monitoring are absolute
requirements in monitoring exercise programs.
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